Objective-Wheelchair athletes often select a percentage of their top speed (%TS) to determine training intensity. The aim of the study was to determine whether choosing a %TS corresponds to the physiological concept of relative exercise intensity (% peak oxygen uptake: % V02 peak) and to examine selected physiological and metabolic responses of a group of wheelchair athletes to 60 minutes' exercise at 80% TS. Methods-12 male wheelchair athletes (10 paraplegics and two tetraplegics) performed a series of tests on a motorised treadmill adapted for wheelchairs. The tests, which were undertaken on separate occasions, included the determination of VO2 peak, the determination of oxygen cost at a range of submaximal wheelchair propulsion speeds, and a 60 min exercise test at 80% TS. Results-Wheelchair propulsion speeds equivalent to 60%, 70%, 80%, and 90% of each subject's TS were found to equate to 48.3(SD13.8)%, 60.0(11.1)%, 70.6(9.8)%, and 82.7(9.6)% of VO, peak, with The term "top speed" is part of the training vocabulary of all wheelchair road racers and is entirely empirically based. It is derived from competition racing and refers to the highest speed that a wheelchair athlete can achieve for a particular event. Selecting a percentage of top speed (%TS) is a method which is regularly used by wheelchair road racers and coaches involved in the sport to determine training intensity. If selecting a %TS corresponds to a common relative exercise intensity (%VO, peak) this method would have scientific credibility to the exercise physiologist as it would have physiological validity. As yet this has not been established. Furthermore, the relative exercise intensities represented at different percentages of top speed have not been reported.
and to examine selected physiological and metabolic responses of a group of wheelchair athletes to 60 minutes' exercise at 80% TS. Methods-12 male wheelchair athletes (10 paraplegics and two tetraplegics) performed a series of tests on a motorised treadmill adapted for wheelchairs. The tests, which were undertaken on separate occasions, included the determination of VO2 peak, the determination of oxygen cost at a range of submaximal wheelchair propulsion speeds, and a 60 min exercise test at 80% TS. Results-Wheelchair propulsion speeds equivalent to 60%, 70%, 80%, and 90% of each subject's TS were found to equate to 48.3(SD13.8)%, 60.0(11.1)%, 70.6(9.8)%, and 82.7(9.6)% of VO, peak, with a wide variation in the relative exercise intensities evident at each %TS. During the 1 h exercise test at 80% TS the physiological and metabolic responses measured were indicative of steady state exercise, with no signs of fatigue evident. Conclusions-The results of this study suggest that selecting a %TS is not an appropriate way of selecting a common relative exercise intensity. There may also be a need for the current training practises of some wheelchair road racers to be modified. The term "top speed" is part of the training vocabulary of all wheelchair road racers and is entirely empirically based. It is derived from competition racing and refers to the highest speed that a wheelchair athlete can achieve for a particular event. Selecting a percentage of top speed (%TS) is a method which is regularly used by wheelchair road racers and coaches involved in the sport to determine training intensity. If selecting a %TS corresponds to a common relative exercise intensity (%VO, peak) this method would have scientific credibility to the exercise physiologist as it would have physiological validity. As yet this has not been established. Furthermore, the relative exercise intensities represented at different percentages of top speed have not been reported.
As well as using %TS to determine training intensity, wheelchair athletes also commonly describe the exercise intensity at which they are working during an endurance event in terms of the percentage top speed sustained during the race. A speed frequently selected by wheelchair road racers for endurance training and racing is 80% TS; however, the physiological and metabolic responses to endurance exercise at a fixed percentage of top speed have not been reported. It is also interesting to note that wheelchair athletes have been shown to use around 80% VO, peak during endurance races.' As such, it is of interest to know whether 80% TS corresponds to 80% VO, peak.
Furthermore, if 80% TS does equate to 80% VO, peak there is some cause for concern for individuals taking up the sport, as this intensity would be too high as an initial training intensity.
The purpose of this present study was therefore to determine whether choosing a %TS corresponds to a common relative exercise intensity [% peak oxygen uptake (VO, peak)] and to examine selected physiological and metabolic responses of a group of wheelchair athletes to 60 minutes' exercise at 80% TS.
Methods
Twelve male wheelchair athletes volunteered to participate in this study which required the subjects to complete a series of preliminary tests and one hour of exercise at 80% of their top speed (80% TS). All subjects trained regularly for, and competed regularly in, endurance races. Furthermore all the athletes were experienced racers and had been competing for more than five years [mean (SD): 9.4 (2.6) years]. The group did, however, vary in racing standard from athletes who competed at an international level (n=6) to those who competed at a more recreational level (n=6). The athletes also differed in terms of their lesion levels. In this respect there were 10 paraplegics in the group (lesion levels: T2-L2) and two tetraplegics (lesion levels: C7; C7 incomplete). Eight of the subjects had acquired their spinal' cord injury as a result of trauma, while for the other four subjects the neurological deficit was a result of spina bifida.
All tests were performed on a motorised treadmill which had been adapted for wheelchairs (fig 1, top) . This system had been updated from that originally developed at this Physiological responses of wheelchair athletes laboratory2 in order to accommodate the latest three wheel racing chairs. The system differs from the original in that it has a central channel which allows the middle front wheel to run freely on the treadmill belt. The treadmill adaptation allowed the subject's own "racing" wheelchair to be attached to the slider mechanism at position 1 (fig 1, bottom) , which allowed freedom of movement both forwards and backwards but restricted sideways movement. A safety backstop mounted at position 2 ( fig 1, bottom) prevented the wheelchair from travelling backwards off the treadmill belt should the athlete stop pushing. Before any testing all subjects were fully familiarised with wheelchair treadmill exercise and the methods used in the laboratory for monitoring heart rate, the collection of expired air, and obtaining capillary blood samples. 3 The peak oxygen uptake (V02 peak) of each individual was determined using a continuous incremental speed protocol.2 Before the test the subjects followed their usual warm up procedures which were all submaximal in nature. During the test the treadmill remained horizontal and the speed of the treadmill was increased at three minute intervals. The starting treadmill speed for the test was selected on the basis of performance during previous visits to the laboratory. Expired air was collected for 60 seconds from 1 min 45 s to 2 min 45 s of each exercise period. The test protocol was open ended and continued until the subjects indicated that they could only continue the test for a further minute, when a final expired air collection was obtained. For the purposes of the present study the speed achieved during the final minute of V02 peak test was defined as the top speed (TS) for each athlete.
On a separate occasion the oxygen cost (V,2, litres min-') for each subject was determined at four submaximal wheelchair propulsion speeds (m so'). The submaximal speeds selected were equivalent to 60%, 70%, 80%, and 90% of each athlete's top speed achieved during the VO2 peak test. This test was a continuous 16 minute test and required subjects to exercise for four minutes at each speed. Expired air samples were collected during the last minute of each four minute period. The final test that each subject performed was of one hour's duration at a speed equivalent to 80% TS. Subjects arrived at the laboratory in a rested state and at least four hours after their last meal. Before the test, duplicate 20 gl capillary blood samples were taken from an earlobe. Four chest electrodes were then attached to the athlete to monitor heart rate. After each athlete had completed their own warm up on the treadmill they began pushing at a constant pace (80% TS ) for one hour. Expired air samples were collected every 15 minutes. Following each of these collections the subject stopped pushing and duplicate samples of capillary blood (20 gl) were taken from the earlobe. As soon as the sample had been obtained, which took approximately 20 seconds, the athlete began pushing again. Heart rate was monitored throughout the test, with samples recorded by the computer every 15 seconds. Natural ventilation and electric fans (Expelair, T-16) provided cool air during the test, and laboratory temperature was in the range 18-20'C.
The blood samples were deproteinised in 0.38M perchloric acid, frozen, and later analysed for the concentrations of glucose and lactate by the methods described by Maughan.4 
13 (2) 702,, oxygen consumption; VE, ventilation; HR, heart rate; R, respiratory exchange ratio; BIA, blood lactate; BGL, blood glucose; RPE, rate of perceived exertion.
Statistical significance: HR: P < 0.01, resting heart rate and all other heart rates; R: P < 0.01, 15 3 .02 litres min') found in the present study are consistent with the results of a previous study which employed wheelchair athletes with a similar range of lesion levels (C7-L2).' The finding that the tetraplegic athlete, with a complete lesion at C7, recorded the lowest VO2 peak is consistent with the results of other studies on tetraplegic athletes." l This may be related to the fact that tetraplegics have the greatest loss of sympathetic neural control. The athlete also had the lowest peak heart rate of 113 beats min', which is characteristic of this level of spinal cord injury' 2 6 and results from the lack of sympathetic innervation of the heart.'0"' This was further substantiated by the very low heart rate of this athlete throughout the one hour test. Interestingly, the tetraplegic athlete with an incomplete cervical lesion had a peak heart rate of 164 beats min'. This is indicative of loss of some, but not all, the sympathetic nerve supply to the heart.'0 It should also be mentioned that similar peak heart rate values are sometimes observed in paraplegics with high thoracic lesions because sympathetic innervation of the heart occurs between TI and T4.92" In the present study the peak heart rate of the paraplegic group was comparable with that achieved by able bodied subjects during uphill treadmill running to exhaustion. '3 All the wheelchair athletes completed the one hour exercise test at 80% TS. The physiological and metabolic responses of the group observed during the test were indicative of steady state exercise and consistent with the results of previous wheelchair endurance studies."" Pushing economy (oxygen uptake at a given speed) remained relatively stable throughout the hour. This observation is consistent with other wheelchair endurance studies. 14 15 17 However, the result contrasts with various studies on able bodied subjects exercising in the sitting position" or running"" which have reported a tendency for oxygen uptake to drift upwards. The ventilation rate also remained stable throughout the endurance test. This is consistent with other wheelchair studies.41'517 During endurance running it has been reported by some investigators that only when ventilation rate increased did oxygen uptake drift upwards. 23 As there was no increase in ventilation rate in the present study this may help to explain why oxygen uptake remained stable.
There was a decrease in respiratory exchange ratio (R value) during the hour, which reflects a shift towards fat metabolism.24 This is consistent with studies on both endurance wheelchair exercise' 16 improving the torque on the hand rim of the wheelchair and thus decreasing the number of stokes per minute. 14 27 Blood lactate concentration peaked after 15 minutes of exercise and then decreased throughout the remainder of the hour. This result is consistent with the results reported in other wheelchair studies. " It is also consistent with endurance running"8 and arm exercise studies,29 which have employed relative exercise intensities between 48% and 70% of V02 max., described as moderate to high intensity exercise.28 The decrease in blood lactate concentration observed during the hour may indicate increased utilisation of lactate as a substrate. 28 The finding may also help to explain the stability of oxygen uptake. This is because some studies have suggested that a drift in oxygen uptake will only occur at an exercise intensity where there is an increase in blood lactate concentration.
The gradual increase in heart rate commonly associated with prolonged activity in able bodied subjects"'30 or upper body exercise29 was not observed in this group of wheelchair athletes and is therefore consistent with previous endurance wheelchair studies.'4"5 In the past, the low relative exercise intensity chosen by these studies has been recognised as one possible reason for this observation.'415 This, therefore, may help to explain the result in present study. However, it should be noted that an intensity of around 70% of V02 peak has resulted in cardiovascular drift both in lower'8 and upper body exercise. 29 In able bodied subjects the cardiovascular drift is related to the peripheral shift of blood volume for temperature regulation." The drift indicates increased sympathetic activation." However, as this is lacking to varying degrees in spinal cord injured patients'2 it may help explain the plateau effect. It has also been suggested that during endurance exercise in individuals with spinal cord injury, stroke volume may remain stable because the reduced active muscle mass will mean that there is less competition between the skin and the muscle mass for the blood volume as thermal load increases.'4 Consequently heart rate may remain relatively stable.
In summary, in this study we showed that there was a wide range of relative exercise intensities represented at a percentage of top speed. It therefore appears that selecting a %TS is not an appropriate way of selecting a common relative exercise intensity for wheelchair athletes. During the endurance test at 80% TS the physiological and metabolic responses measured were indicative of steady state exercise with no signs of fatigue. Oxygen uptake and ventilation rate remained stable throughout the test; there was a shift towards fat metabolism; there was no cardiovascular drift; blood lactate concentration peaked after 15 minutes of exercise and then decreased during the rest of the hour; blood glucose concentration remained similar to that recorded at rest; and the perceived rate of exertion remained similar throughout the test.
In conclusion, our results suggest that the method adopted by wheelchair road racers for determining training intensity may not be appropriate and as a resultt tu raining practises of some wheelchair racers may need to be modified.
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